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The knowledge of the spectral state of a black hole is essential for the interpretation of data from 
black holes in terms of their emission models. Based on pointed observations of CygX-1 with 
the Rossi X-ray timing Explorer (RXTE) that are used to classify simultaneous RXTE-ASM 
observations, we develop a scheme based on RXTE-ASM colors and count rates that can be used 
to classify all observations of this canonical black hole that were performed between 1996 and 
201 1 . We show that a simple count rate criterion, as used previously, leads to a significantly higher 
fraction of misclassified observations. This scheme enables us to classify single INTEGRAL- 
IBIS science windows and to obtain summed spectra for the soft, intermediate and hard state with 
low contamination by other states. 
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Figure 1: The typical q-track of 
transient black hole binaries. From: 

http : / / www . sternwarte . uni- 
erlangen . de/proaccretion/ 



1. The States of Black Hole Binaries 



Transient black hole binaries (BHBs) in outburst move on characteristic q-shaped tracks through 
the hardness-intensity-diagram (HID, Fig. [T]): coming from quiescence a source enters the hard 
state, which is followed by an intermediate state (subdivided into hard intermediate (HIMS) and 
soft intermediate (SIMS)) and finally the soft state. Then the source returns into a hard state, albeit 
usually at lower luminosities than previously and finally into quiescence (for a detailed discussion 
of states see |3] |4j [Q). The individual states are also clearly different in their timing and radio 
properties. The fact that the soft states show, as opposed to the hard states, no or only quenched 
radio emission, implies the absence or weakness of the jet. The HIMS to SIMS transition happens 
close to or at the jet line, where the properties of the jet and therefore the geometry of the source 
change H. 



2. Cygnus X-l 

CygX-1 is a bright persistent black hole binary that often undergoes (failed) state transitions 
191 . That makes it a prime target for both long-term monitoring (e.g., with RXTE, INTEGRAL or 
Ryle/AMI) and snapshot observations (e.g., with XMM, Chandra or Spitzer). RXTE has observed 
CygX-1 from 1996 to the end of mission in late 2011, largely as apart of our bi-weekly campaign 
(HED. During this time the source has undergone periods with different source activity patterns, 
e.g., the long very hard state from mid-2006 to mid-2010 (Fig. [2]). State transitions are self-similar 
on different timescales and can happen as quickly as within a few hours [2]. 

We extract all available PCA and HEXTE data of the source for every RXTE orbit and obtain 
2741 individual spectra which we model with a combination of a broken power law (with a soft 
photon index T\, hard photon index r2 < T\, and a break energy -EWeak ~ lOkeV), an high energy 
cut off, an iron line and, where required, a thermal disk component. ifTOl have shown that such a 
model offers a good description of pointed RXTE observations of Cyg X-l in all states. 
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Figure 2: RXTE- ASM light curve of CygX-1. Dashes represent times of pointed RXTE observations, 
classified into states (blue: hard, orange: intermediate, red: soft) using the Ti -based state definition intro- 
duced in Sect. [3] The individual ASM measurements are classified into different states (same color code as 
for Ti -based state definitions) according to the ASM-based classification introduced in Sect.[3]and on Fig. [4] 



3. ASM-defined states 

As a persistent source CygX-1 does not follow the usual q-track on the HID, see e.g. 
and Fig. [4] in this work. The state of the source can best be determined from the slope of the 
broad X-ray continuum, by modeling, e.g., an RXTE spectrum. A strictly simultaneous RXTE 
spectrum is, however, not available for an arbitrary observation with a different instrument, such 
as INTEGRAL, so that state determinations for such observations are challenging and so far often 
inconclusive. 

Usual simple state definitions use the RXTE-ASM data by setting thresholds in either ASM 
rate or hardness. For example, [ 10] obtain state estimates by defining the ASM count rate below 
45 cps as a hard state and above 80cps as soft state. We analyze the 2400 (good, i.e., filtered for 
negative count rates and times of instrumental problems) ASM measurements which are strictly 
simultaneous to RXTE observations and show that this approach, while good as a rough guide, 
fails to account for the decrease in ASM rate for the softest observations (Fig. [3] left panel). 

To define RXTE states based on F\ , we consider the existence of the disk component, which 
is preferentially required for modeling those spectra where T] > 2.0, and dependence of the timing 
properties of the individual RXTE observations on F\. X-ray time lag and fractional rms (Fig. [3] 
right panel) are calculated following (7) using the same energy and frequency bands as El. We 
define that CygX-1 is in hard state if Ti < 2.0, in the intermediate state if 2.0 < T\ < 2.5 and in 
the soft state if 2.5 < IY The corresponding measurements are shown in color on the HID in Fig. [4] 
over the total ASM measurements shown in gray. The three Ti -defined states populate different 
regions of the total CygX-1 ASM HID. 

Finally we define ASM states by introducing cuts in the hardness-rate space that minimize the 
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Figure 3: Dependency of the total ASM count rate (left panel) and X-ray timing parameters (time lag 
between the two bands 4.5-5.7 keV and 9.4-14.8 keV and rms in these two bands, right panel) on the soft 
photon index T\. 




Figure 4: ASM HID of Cyg X-l. Gray 
data points represent all good ASM mea- 
surements. ASM measurements which 
are simultaneous with pointed RXTE ob- 
servations are represented with colored 
points color-coded with the Ti -defined 
states (blue for hard state, orange for in- 
termediate state and red for soft state). 
Cuts between the ASM-defined states are 
represented by black lines. The ASM- 
defined hard state region is shaded blue, 
the soft state region red, the intermediate 
state region is shown without shading. 



ASM hardness (5 12 keV / 1.5-3 keV) 



contamination of the ASM denned states by non-corresponding RXTE states. Every measurement 
with a count rate c < 20 cps is denned as hard independent of the hardness h. Otherwise the cuts are 
denned by c = mhard/soft " (h — ho), with ha = 0.28, mh arc i = 55 cps, m so f t = 350cps. The probability 
of obtaining a misclassification is below 5% for the hard, 10% for the intermediate and 3% for the 
soft state for strictly simultaneous data. A graphical representation of the cuts is given in Fig. [4j 
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Figure 5: Preliminary state-resolved 
INTEGRAL -IBIS spectra of CygX-L. 
Note that since INTEGRAL -IBIS data 
only start at ^20keV, Tintegral corre- 
sponds to the hard photon index Y2 of the 
broken power law models of the RXTE 
data. 
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4. INTEGRAL/IBIS spectra 

As a proof of concept, we apply a earlier version of the developed ASM classification on 
all INTEGRAL -IBIS data of CygX-1 up to and including 2010. Each individual INTEGRAL 
science window is classified by the closest ASM measurement. We add same state science windows 
and obtain state resolved spectra with an exposure of 1.8 Ms for the hard state, 1.3 Ms for the 
intermediate state and 0.5 Ms for the soft state, which we model with a simple exponentially cut 
off power law model with photon index Ttntegral, since INTEGRAL -IB IS data start well above 
the spectral break seen in the pointed RXTE observations at ~10keV. Figure [5] shows that we can 
clearly distinguish the different spectral shapes of the three states with this approach. 

5. Summary and Outlook 

We have developed a novel ASM based classification scheme for the states of CygX-1 which 
can be used both for campaigns (e.g., with INTEGRAL) and for individual observations (e.g., with 
XMM, Chandra or Spitzer). A detailed discussion of the ASM classification will be presented in an 
upcoming paper (Grinberg et al., A&A submitted), where the feasibility to use Swift-BAT, MAXI 
and Femi -GBM data to classify observations made after the demise of RXTE is also discussed. 
We will apply the classification to INTEGRAL data to perform, e.g., state-dependent polarization 
analysis (see [6] for the first detection of polarization in CygX-1). 
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